Abstract Twelve artificially deformed and 14 undeformed skulls of Filipinos were measured to examine the morphometric differences between them. Univariate statistical analyses on the craniofacial measurements seem to support the conclu sionby previous authors that the facial skeleton is not consistently affected by artificial deformations of the cranial vault. Mahalanobis' D2 distances based on craniofacial measurements suggest that the type of cranial deformation in the Philippines is similar to that of Chinook Amerindians in the North Pacific coast of North America. The anteroposteriorly deformed skulls of both Filipinos and Chinook Amerindians have smaller cranial length and larger cranial breadth, and the sagittal frontal and occipital indices tend to be closer to unity than in undeformed skulls. Mahalanobis' D2 distances further showed that Filipinos with no cranial deformation were morphologically closer to geographical neighbors such as Guam Islanders and southern Chinese.
INTRODUCTION
In the summer (August 17-29) of 1979, we had the opportunity to measure skulls of Filipinos at the National Museum in Manila and Butuan City and at some cemeteries in the Philippines. Half of these skulls were artificially flattened in the anteroposterior direction, and the others were not. Although the sample sizes for both deformed and undeformed skulls are small, the measurements of these are presented here for future studies on interrelationships of populations or on the morphogenesis of the skull.
MATERIALS
The skulls analyzed here are derived from four islands of the Philippines, i.e., the Luzon, Banton, Leyte and Mindanao. Of these skulls, those from Santa Ana Church in Manila, Luzon, are pre-Spanish and undeformed; the skulls from Banton are of the 15th century A.D. (the Guyagan period, pre-Spanish), most of them being deformed; the skulls from a Catholic cemetery in Tacloban, Leyte, are of recent people and undeformed; and the skulls excavated from Libertad, Butuan City, Mindanao, are of the 14-15th century A.D. (pre-Spanish) and many of them are deformed. The representatives of the deformed skulls are shown in Fig. 1 . In the present study, skulls with ambiguous deformation were excluded from the analyses.
Further information on the excavations at Santa Ana, on Banton Island and in Butuan City may be found in Fox and Legaspi (1979) , Fox (1970) and ASEAN Association of Museums (1977) , respectively.
METHODS
All the skulls dealt with here were measured by one of the present authors (H.S.) after Martin and Saller (1957) .
In order to examine the differences between deformed and undeformed skulls, the above samples were combined according to cranial deformation and sexuality, as shown in Table 1 . Means and standard deviations of craniofacial measurements were estimated for each series. The differences in means and variances between the pooled samples were assessed using the Cochran's approximate significance test (Snedecor and Cochran, 1967) and F-test (Fisher, 1958) , respectively.
Overall differences between the present Philippine samples and other samples from Pacific modern populations were examined utilizing the Mahalanobis' D2 distances (Rao, 1952; Okuno et al., 1971 ) based on 16 craniofacial measurements (Martin's Nos. 1, 5, 8, 17, 26, 27, 28, 29, 30, 31, 40, 45, 46, 48, 54 and 55) and six facial measurements (Martin's Nos. 40, 45, 46, 48, 54 and 55) . The measurement error variance, intra-plus inter-observer, for each of these measurement items except Nos. 26, 27 and 28 has been confirmed to be 10% or less of the total variance by Sakura and Mizoguchi (1983) . The samples compared are shown in Table 2 . Regarding the variance/covariance matrices necessary for calculating Mahalanobis' D2 distances, the weighted mean values of the variance/covariance from twelve modern Japanese samples (Hanihara, 1981) and from five modern Japanese samples (Hanihara, 1983) were used for males and for females, respectively. All the statistical calculations were performed with the mainframe, HITAC M -880/310 (VOS3/AS-JSS4) System, of the Computer Centre, the University of Tokyo. The STSTBT program used for estimating basic statistics and the signifi cancetests between samples and the TSTD2 for Mahalanobis' D2 distances were written in FORTRAN by one of the present authors (Y.M.).
RESULTS
The deformed and undeformed skull groups were first compared using each of the craniofacial measurements and indices for males and for females, separately (Tables 3 to 6 ). It was found, both in males and in females, that the deformed skulls of Filipinos had shorter and wider cranial vaults (Tables 3 and 4 ). In particular, the frontal and parietal arcs and the parietal chord are much shorter in the deformed skulls than in the undeformed ones. In the facial region, on the other hand, no consistent differences were found between the deformed and undeformed skull groups. The significance tests for the differences in the indices (Tables 5 and 6 ) also showed the same tendencies as for the measurements, though such significance tests may not be applicable to the indices because they may not be normally distributed. It is noteworthy here, however, that the values of both sagittal frontal and occipital indices tend to be closer to unity in the deformed skulls than in the undeformed ones, suggesting the more flattened condition of the frontal and occipital regions in the deformed skull groups.
In order to examine the position of the present samples among Pacific populations, Mahalanobis' D2 distances were estimated between the undeformed and deformed skull samples of Filipinos and other samples from Pacific regions on the basis of 16 craniofacial measurements (Table 7, Fig. 2 ). The distances show that the undeformed skull sample resembles Ilocanos and Guam Islanders in males and, in females, Ilocanos and Hong Kong Chinese more than the other samples. The deformed skull group is closer to Chinook and Ilocanos than to the other samples both in males and in females. It should be noted here that the skulls of the Chinook Amerindians are anteroposteriorly deformed.
In the univariate comparisons as mentioned above, it was found that the facial region was not influenced so much by artificial cranial deformation. To confirm this in a multivariate way, Mahalanobis' D2 distances were further estimated using six facial measurements. In this case, the undeformed and deformed skull groups resemble the following samples in the decreasing order of similarity (Table 8, Fig.  3 ). 1) Undeformed skulls of males: Guam, Yoron, and Okinawa 2) Deformed skulls of males: Sail-Peipo, Guam, and Guangxi 3) Undeformed skulls of females: Ilocanos, Guangxi, and Guam 4) Deformed skulls of females: Philippines, Guam, and Ilocanos There is little resemblance, however, between the present samples of deformed and undeformed skulls. But the patterns of variation in the D2 distances (Fig. 3) are similar to each other.
DISCUSSION
The univariate comparisons (Tables 3 to 6) in the present study seem to support the previous findings by Droessler (1981) , Mizoguchi (1991) and others that the facial skeleton is not consistently affected by artificial cranial deformations. But the multivariate distance analyses on the face (Table 8 , Fig. 3) showed the relatively high dissimilarity of the facial skeletons between the undeformed and deformed skull groups in both sexes. It is unknown whether this dissimilarity is due to the difference in their biological derivations, to cranial deformations, or to sampling errors referable to the small sample sizes. These should be re-examined on the basis of more data in the future.
On the other hand, the Mahalanobis' D2 distances based on craniofacial mea surements (Table 7 , Fig. 2 ) suggested that the type of cranial deformation observed in Filipinos was similar to that of Chinook Amerindians in the North Pacific coast of North America, i.e., anteroposterior deformation. This is clear from Fig. 1 . In the Chinook skulls (Oetteking, 1930) , the sagittal frontal and occipital indices are closer to unity than in the undeformed ones. This is the case also with Filipinos (Tables 5 and 6 ). These findings suggest the existence of the pressure on the frontal and occipital regions in the process of producing such deformed skulls. Furthermore, it seems likely that the Philippine skulls were deformed not only by the anteroposterior pressure but also by the use of bandages because zonal depressions are observable on the cranial surface around bregma and inion (Fig. 1) .
Finally, in spite of the differences in the facial skeletons mentioned above, the Mahalanobis' D2 distances, based both on the craniofacial measurements of the undeformed skull samples (Table 7) and on the facial measurements of the undeformed and deformed skull samples ( Table 8 ), showed that the present samples of Filipinos were morphologically closer to the samples from the Philippines and the neighboring regions such as Guam and southern China.
Although the present samples are too small to draw a conclusion, they at least showed that cranial deformations had serious influence on population studies based on cranial characters. The presence or absence of artificial cranial deformations should be investigated with care before the skulls in question are used for population studies. (Snedecor and Cochran, 1967) . b Two-tailed F-test .
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